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Coconut Water as Organic Inhibitor on Corrosion             
of Low Carbon Steel in 3.5% NaCl Solution 
 
 
Abstract— Investigating coconut water as inhibitors to 
protect low-carbon steel from corrosion in 3.5% NaCl has 
been studied by weight loss method. The weight loss of steel 
was identified by immersion test. The coconut water used was 
young and old coconut water. The concentration of coconut 
water, whether young and old, in 3.5% NaCl was varied. The 
results showed that the corrosion rate of steel decreased with 
increasing coconut water concentration. Furthermore, old 
coconut water can further reduce the rate of corrosion in 
mild steel comparing young coconut water. 
Keywords—coconut water, green inhibitor, low-carbon steel, 
immersion. 
 
I. Introduction  
During the last century, low-carbon steel has been 
widely used in construction, manufacturing, marine 
and diverse areas of other industrial and engineering 
purposes. However, increasing resistance corrosion 
of low-carbon steel in a corrosive environment is 
challenging [1]. Cathodic protection and addition of a 
wide variety of the corrosion inhibitors are the basic 
techniques used to protect steel structure from 
corrosion [2]. Among these methods, the use of 
inhibitors is more promising and practical to protect 
steel from corrosion [3]–[5]. However, the majority 
of synthetic corrosion inhibitors are expensive and 
have a negative impact on human health and 
environment [6]. 
Based on environmental consideration, recently, 
many researchers are developing and finding green 
inhibitors to reduce corrosion [7]–[9]. Several efforts 
also have been done by the researchers to find green 
inhibitors on low-carbon steel in acidic and chloride-
containing solutions, such as seawater. Seawater can 
be represented by NaCl 3.5% for research in 
laboratory aims. Their findings have proved that 
adding green inhibitors of essential oil of Salvia 
Aucheri Mesatlantica [10], Retama Retam Extract 
[11], Sunflower Seed Hull Extract [12], Rosuvastatin 
Drug [13], and Egg Shell Powder in acidic solutions, 
such as sulphuric, HCl, and H2SO4, decreased 
corrosion rate of low-carbon steel. Moreover, in NaCl 
solution as representative of seawater, findings of the 
green inhibitor of cabbage extract (Brassica 
Oleracea) [14], Asafoetida extract [15], and 
Myrmecodia Pedans extract [16], revealed that those 
green inhibitors protected low-carbon steel from 
corrosion. 
Coconut is the fruit of the coconut palm (Cocos 
nucifera) that widely grow in a tropical country and 
used generally as food and drinks [17]. Indonesia is 
one of a tropical country where coconut has high 
potential to grow. Up to 75% of world coconut 
production is from Indonesia, Philippines, and India 
[18]. 
Based on age, coconut consists of two types, 
namely young or tender and mature coconut. Young 
or tender and mature coconut aged between 6 – 8 
months, and 11 – 13 months, respectively. Young 
coconut generally used as a fresh and delicious drink. 
Meanwhile, mature coconut usually is harvested to 
obtain its meat that further processed as coconut oil, 
coconut butter, and coconut milk. For coconut water 
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Coconut water is one of coconut part that is 
consumed by people around the world not only as a 
beverage but also traditional remedy. Natural form 
coconut water, raw coconut water, is a refreshing, 
nutritious and energy drink that is beneficial for 
health. Coconut water composed of phytohormones, 
namely Auxin, 1,3- Diphenylurea, and Cytokinin. 
Kinetin, one of Cytokinin, has been shown to have 
strong anti-ageing effects on human skin cells and 
fruitflies [17]. Therefore, this research investigates 
coconut water from young and mature coconut water 
as a green inhibitor of low-carbon steel in 3.5% 
NaCl. 
II. Research Methodology 
A. Preparation of Coconut Water Solution 
Young and mature coconut water was used as an 
inhibitor. The inhibitors were dissolved with 3.5% 
NaCl to get solution of desired concentrations. The 
higher concentration of the solution the more amount 
of coconut water was added to the solution. The total 
volume of solution was 500 ml for each coconut 
water. The amount of coconut water was 100%, 75%, 
50%, 25%, and 0% of the total volume solution. Each 
concentrated solution is filled into a container. 
B. Preparation of Specimen  
Low-carbon steel samples of the size 25 x 20 x 3 
mm were used for weight loss studies. The samples 
were cleaned well prior to use. The samples were 
mechanically grinded and polished by polishing 
papers. Then, the mechanically polished samples 
were weighed. 
C. Weight Loss Study 
The mechanically polished and pre-weighed low-
carbon steel of uniform size was suspended in 500 ml 
solutions with young and coconut water separately. 
The samples were withdrawn weekly, for 3 weeks, 
from the test solution, washed thoroughly with 
aquades, followed by HCl, rewashed aquades, and 
dried with a stream of air, then reweighed. Based on 
the weight loss data, the average corrosion rate can 




     (1) 
Where: K is a constant, T is the time of exposure in 
hours, A is Area in cm2, W is mass loss in g, and D is 
Density in g/cm3.  
III. Results and Discussion 
A. Immersion Test of Specimens in Young and Old 
Coconut Water 
The weight loss measurements were obtained at 
different concentration of green inhibitors, young and 
mature coconut water. The loss of weight specimens 
with mature and young coconut water inhibitors are 
shown in table 1 and table 2 respectively.  
Table 1. Weight loss for specimen immersion in mature coconut 
water as an inhibitor 
Period 
Loss of weight (g) 
0% 25% 50% 75% 100% 
7 0.017 0.016 0.013 0.008 0.005 
14 0.034 0.033 0.027 0.02 0.016 
21 0.057 0.052 0.042 0.035 0.03 
 
Table 2. Weight loss for specimen immersion in young coconut 
water as an inhibitor 
Period 
Loss of weight (g) 
0% 25% 50% 75% 100% 
7 0.024 0.023 0.02 0.015 0.013 
14 0.049 0.048 0.041 0.032 0.027 
21 0.076 0.073 0.066 0.057 0.042 
 
B. Corrosion Rate in coconut Water Solution 
After immersing the samples in solution with 
coconut water as inhibitor, for a period of time, the 
samples were corroded. Corrosion rates in these 
samples differed in the concentration of coconut 
water solution, 100%, 75%, 50%, 25%, and 0%. The 
corrosion rate of these samples occurs in mature 
coconut water and young coconut water, as green 
inhibitors. The corrosion rate of the samples in 
mature coconut water is shown in table 3, and young 
coconut water in table 4. 
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Table 3. The corrosion rate of the samples in mature coconut 
water 
Period 
Corrosion Rate (mpy) 
0% 25% 50% 75% 100% 
7 4.688 4.441 3.590 2.211 1.383 
14 4.715 4.555 3.725 2.761 2.205 
21 5.229 4.792 3.882 3.212 2.764 
 
Table 4.The corrosion rate of the samples in young coconut water 
Period 
Corrosion Rate (mpy) 
0% 25% 50% 75% 100% 
7 6.618 6.383 5.523 4.146 3.596 
14 6.796 6.625 5.656 4.418 3.720 
21 6.972 6.727 6.101 5.231 3.869 
 
Table 3 and 4 show that corrosion rate increased 
as increasing time period of immersion in both 
solutions of coconut water. The highest corrosion rate 
occurred in specimen immersed in 0% coconut water 
concentration, no coconut water, for both coconut 
water. On the other hand, specimens immersed in 
100% coconut water experienced the lowest 
corrosion rates. This phenomenon occurred in mature 
and young coconut water. These revealed that mature 
and young coconut can control the corrosion rate of 
the specimens. In addition, mature coconut water 
protected the specimens better than young coconut 
water. Comparison of corrosion rates of the 
specimens in mature and young coconut solutions 
can be seen in Figure 1. 
 
Figure 1. Comparison specimen corrosion rate in 
various concentration of old and young coconut water 
solution 
C. Efficiency Inhibitor 
The corrosion rate of mild steel in 3.5% NaCl 
solution at various concentrated coconut water, 0%, 
25%, 50%, 75%, and 100%, was determined after 
time period of immersion, 7, 14, and 21 days. 
Comparison values of inhibition efficiencies based on 
the various time immersion are given in figure 2, 3, 
and 4. The inhibition efficiency (Ew%) usingthe 





 × 100% (2) 
where Wcorr and Wcorr (inh) are the corrosion rates 
of mild steel in the absence and presence of the 
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Figure 2. Comparison specimen corrosion rate in 
various concentration of old and young coconut water 
solution 
 
Figure 3. Comparison specimen corrosion rate in 
various concentration of old and young coconut water 
solution 
 
Figure 4. Comparison specimen corrosion rate in 
various concentration of old and young coconut water 
solution 
From Figures 2, 3, and 4, it can be seen that as 
concentration of coconut water increases, the value of 
efficiency inhibition was found increase. 
Furthermore, mature coconut water inhibitor has 
higher efficiency than young coconut water. 
However, the increase of time period immersion, 
reduced the inhibitor efficiency. 
 
IV. Conclusion 
Coconut water can act as an effective, green and 
environmentally friendly corrosion inhibitor for low-
carbon steel in 3.5% NaCl as: 
1. Weight loss of specimens immersed in 3.5% 
NaCl with coconut water as green inhibitor 
increased with the increasing of immersing 
period. 
2. Coconut water, weather mature and young 
coconut water, is able to control the rate of 
corrosion in specimens. 
3. Mature coconut water is more able to reduce the 
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